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Introduction 1 We do indeed know quite a bit about ice crystals, yet there is one intriguing variety that has remained obscure until recently. On occasion crystals of this sort occur in the atmosphere by the billions, so in one sense they are not at all uncommon or exotic. Moreover, they leave a characteristic signature in the sky, and their existence had therefore been conjectured, even in the nineteenth century. Nevertheless, for a long time nobody knew for sure what the crystals looked like. The crystals were seen for the first time only a few decades ago, and they have been seen well only recently. The shape of these crystals is determined by the so-called angle x. The search for angle x is the effort to discover what the crystals look like.
These crystals would not be so intriguing were it not for their signature in the sky. By signature we mean atmospheric halos, something akin to the familiar ring around the moon. But the halos associated with these special crystals are easily recognizable as being different-especially in size-from the ring around the moon; they are "odd radius" halos. For a long time the existence and nature of odd radius halos was as murky as that of the crystals that make them. We now think that we are beginning to understand them, but much remains to be done.
Some of what remains to be done is just a fleshing out of the photographic record of these halos. Here anyone can make a contribution, anyone who has modest camera equipment and is alert for what to watch for. We have no doubt that with increased awareness new halos will be seen and photographed, and we hope that some of you will be the ones to do so.
The ultimate goal of this book is to tell what is known about odd radius halos. But as you read on, you will see that the odd radius halos are partly just an excuse for us to talk about halos in general. One can even argue that it is the odd radius halos that are the "halos in general," because it turns out that it is the odd radius halos that are in a sense typical, and it is the more traditional and more common halos that are exceptional-exceptional in the sense that they have special properties. The general context demanded by odd radius halos is the best setting for thinking about even the common halos.
The study of odd radius halos is very much a work in progress. There are still halo displays that we do not understand very well, and there are halo displays that we do not understand at all. Only recently have we begun to make the accurate measurements of halo radii that are necessary for testing the theory. And only recently have we begun to get electron microscope photographs of the ice crystals that may hold some of the secrets of odd radius halos.
In writing this book, we have tried to present things in such a way that you, the reader, can come to understand how we know what we know. The theory of halos is simple enough so that this can be done, at least to a large extent. So you should not have to take a lot on faith; we have tried to present enough of the reasoning so that you can largely judge the logic of the theory for yourself, and we have presented enough of the data-mainly halo and ice crystal photographs-so that you can test the predictions of the theory yourself. We have omitted some topics that we thought were speculative or whose conclusions were hard to justify in a short space.
The level of difficulty of the book is uneven, we admit. Most of the book can be followed by attentive readers with no special background, but parts of it, such as the treatment of crystallography, require some college level mathematics. Obviously you do not need our permission to pick and choose what to read.
A word about the halo photographs: Most of them are scans of traditional 35mm slides. Nearly all have been enhanced to some degree using digital unsharp masking. With a few exceptions, the resulting images still show less than was visible in the halo displays themselves. The main exceptions are the lunar halo displays, where, due to the long time exposures required, a slide will sometimes reveal more than was seen at the time of the display. But never have we added anything artificially to the halo photographs.
The degree of enhancement varies from one photo to another throughout the book, but on a given photo the enhancement has been applied uniformly over the entire image, rather than to selected portions, and you will be able to estimate the degree of enhancement by looking for vignetting at what would normally be well-defined edges. In Figure 18 .5, for example, the prominent white vignetting of the sun-blocking stick is a sign of strong enhancement.
Well developed halos-and not just the odd radius halos-are beautiful, and so are the atmospheric ice crystals that cause the halos. We think that the science that links the crystals with the halos is beautiful in its own right. We hope you will agree. Eva Bliembach, Les Cowley, John Hallett, Claudia Hinz, Dixon Jones, Gunther Können, Marko Riikonen, Jukka Ruoskanen, and Eva Seidenfaden all helped with the book, whether they knew it or not, and we want to thank them. We also want to thank everyone who contributed photographs. Special thanks are due our colleague Ken Severin at the Advanced Instrumentation Laboratory, University of Alaska Fairbanks, who contributed the crystal photographs taken with the electron microscope.
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